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[ o o i 2 ] a*, esfliwgats < 2 > **h.«i* 

»fl^(l)C#LTlS8ffltf>»3(4A, 4B) Sr 

A, 4 B ) £tfLT#SS{3»f&?&x*/P¥-fcj&J>-t 
CXtf (2) -CtoSS^fclfelii-S. 

[0013] *7t. immn&m {2) M-mtL 

X. *1X?IX?3tthm&ZmLLX®^*)VX-£. 

g&tmmm ( 1 2) zamxmtzi^xm. 

( 1 1 ) k MTU SHHSi (12) Viz* 3Uf *i? 
^i5-r&m3l^ ( 3 a ) fci s^hs^m^^-y 

a ( 1 1 > o±#s»±*tje-rsiBi»jRg (12) am 

( 1 1 ) t LTtt. *J1«£iii§-r£tm£ 
J: 0 t>*S < 36Sr & SKHLbMRttT» 

[0014] afc. v-f^Di^yxrw'f O)co-m 

HL i^'jav (Si). (Ge ) . 

(Ala 03)*>feftS#j^«3®&BiRff*>tS 

«?Siia^'5:< k t> 1 r>mWrt>m£1n.h i>ff>X°b 

b. ztuzi*), rauyxrisj (3) zm%m 

7*hVV?77itmi:m^X®%£M8&.X'Z&. * 
fc. ULhcOttfKiv-f ^OV^XTW (3) 
SSjKSS ( 2 ) fc<0Bto^£*£ttSSC«m>#S3l 
gk^ffiki»or^S. 
[0015] 

x-is-tywm i <r>9mnmwo%m l ~H 5atx 

01O^#!SL-CiiB8^. 01 (b) li. *«^a® 

( b ) nzm-ti. o t x *wv®mm®4 

f-T2<jC7cWfc:S^ItT5r&^ ^nU-yXTU'f 3 
y!)3y (Si) ffl£l±(=@5SLT#j£3*rO* 
HI (a)(i. 01 (b) OAA8fc«Hifc*Kffl 

0^>-gp$r^L, C«H1 (a) fc^fidfc. v>f^ 
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[00 16] ^'JnyS^KOaiBWi^awv S8II4A. 4Bt*^«JRfll2tcOSt:. WOs 

* . §3E8P2te. -c-^fii^ ij 3 i <mmz&f& [ o o 2 o i z<?>®&^ Mtt&mmttn&mim 

$fUtlHaiO<0+*{c£*r*^^W4A, 4B^ 1 2T1»X*/l^-{c£&3*U ^^X^^^-Tift 

tocwtcsj9$*t. ^ii^ffmmp^m^Mmfi^ 10 a. A^itixmrn^sm^i i&urxws&m 

ss3an»6 zitvx*[%^^mm^mmt}£\)tt) mhx&z . a^j: *)%hfmggmF?- 1 1 ass 

§^±otfflj£3*iTv^. Ki^xwsmffi&m&cthztzmmLx. 

[OO17]02»i. *WtoH7u\s>X3 1 1 fcS£ft£«SMJ: 9f*^&S? 1 lOS 

*3£X!KyhtS3tS52tWg|^5rigfc:BL<iiBB-r5 tA^TJ±S3Ka52fcAIN-**^«^aj-rs. 

<&mxt>h%$m 1 3tt-jawgD<ojE*r^cft o . m^Bs@ffi6 *^-LT^<om^i®iiHjiit: i -?xm 

t-S#m85«. 7^^Dl/yX3atJ:otSEil [0 0 2 1 ] C:<0fc#, S3K3?2*i. £8»4A, 4B 
3±O^SRtfDnJB^^3tX!}f-yM4t:*5l£^-CV^ 20 fci^y'J nyg«i _L«|Hgsi o±fcff < J: 
£. *0!<OS3eS2«O53KBa 1 3t±. £»£X:K>y h 1 4 S3e^2*»^>^HO^«c$:^LT»f 
#£S8JK* SSHTfifc/hS < £ 3 C^Sircn &tfSfc8t£J: iXikhti&f&nfrU^-lzm* 

t. W*>. *Wr>lEfj&0>&%ffil 3<01ia<0(@DJ±m TA&fcfe. S3K£i2a><s>jSf&&x*7Mf-tt % ±fc 

3fcX*»/M403ifg2 • RtaWgLKZ&Xdlzm. 335W4A, 4B£tf LTs^JaVfflSlfcfisigSfU, 

3£3*l.Tl>S . t>«fc'ttfc . .IftfcttlS LT » *CTc03atW4 A , 

[0 0 18] ZCOifrS. Vj?uls>X3a<D¥&$ 4B«, ift^^Ofi^flcJ: R-oWimS 

a. v49vV>X3a<nfa£g8m:i. AMtt&ftH #*£<^»#-C& 3£fW4A. 4BS-^L 

»^¥^&^Ai:-rsfc % V'f^oi/yXSafcJ:-, Ty!J3V^lfcg^-&f*x*^-fcflifrfc:5r 

XM3t2tii>mugi(r)W£XX>y h 1 4 <0ttS2 • R 9 » AStt&*^<7)|ax^;^-jiJ6if*J|ft©aft^ 
tt» mtJiOBBl. 2 • f - A/aT*4. £ 30 fl lO&KJbJftrtefflSflS. 

fc, as^p yxfcfcv vcii, i . 2 • f /affmnm/h [0022] it:^ ±^5i ^ t&mnmSMm-i jt 

«uisir?%9. *0fct-5-««i«Hrimsfc:^ -v-by^«s3e^2<Dg3ffl«. ttj&rsv-f ;dv 

dc^*. ftJtX^-/ h 1 4<01tS2 • R. VX3 afcioT&KSftS^MWDJfcfcXtf-y hgJg 

h. *mx%mft (w^>. 3ooksjK) cvfa&i:® ®2m&tz-?\*xmi o&gmLxmwtz. 01 0 

aut*k-t*k. &g#3 0 0 Kgg<o!ferffc{p£>JSclt£ te s Hl«0l^l^Hi-f^-y-b>~9-«lo<0S3^82 

ii&HNMWi 1 0 jumfti££0»fttcx^;^-<oe-^ tCfctt*x^;^-tfD«jRRVKajOiiWC*> "3 , i 

&S>&. Z^T. Z<b£5tiM!to*b<Offim<rWim. OHlOtcfcV^T. 2 <^3KS±TESt A (cm 

SAJiJlffl 0/<mt^Jt«>. S3K8B20g3fcffil 3 O^SgStfflSt^iafflS^OcO^-CV-^P (W/cm 

osDmsariojumTa*. 40 * ) <r>m-mimLx^&i><ntrht.ffi i %.<?>$m. 

[00 1 9] mz. H3I±. S3KSS2&VwC0S^flBS «jR k (0<k<l ) tR^X. S3^52fcAlfrS|a 

Sr^rrJfcyWffiHT* 1 ?, dco@3(c^-riot. g3t xjM*¥— o/*«7— Q (W) «k • A • PT^3^iS. 

^2li, «JR-tS#J1««JRS 1 2. RV*0) tfc, -E-Of64LfcSax^^-<D-S«g3tSS2fc« 

mrnwrn 1 2 tcs-r* «t a tait^^fimsaas ^snft3d#W4 a . 4 b &* txmmz * 

* 1 1 *^®jk«i 2t»«aa*^ 1 1 1 ao<o-a5«sHom«ciS:tfr-rs*\ x»ii»jt«t 

tt&^»4A, 4B£8E*S : tTfiUifc£oTVi iOifefo^S. 01 0fc*JV>T. SjK32*><?>^«4 

&.*WMm£tim : ?lHi~>Va> (SDXOm A. 4B^c^»ny^^>-^^Gi(W/'K) . S5fcS 

f^S«iRll 2JiSfS^Hfci*tifiiTV^^ 2*^a^ft'v^ft3y^^yx^G2(W / /K) , 

(Au) ^ffif&O. iJ*W4A, 4Blif-^>(T ®KS2*^<o»«t:J:*|aa>'^^yxi&G3(W/ 
i ) tQIMStiXm. tt:. 8fe^»S^l lRt^ 50 K ) t LX^ S3fc®2<9ff&??Jt£C ( J/K ) , AStf" 
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hm-QOtftoffima (i/s) -c%itix^z>k-r wcuw-f^nuvxTw 3<o3mmntixm- 

S520Diag3E4fcfiAT ( K ) a. Mtti&ffJ&tzX -f Ig&tfx-y f-vngfcJMLT 2<J3cWfc: 

«>S>it& (E.L.Dereniak and D.G.Growe : "Optical Rad S^Silfc^S^^ 9mWX*W^$l>. M4RXf 

iation Detectors", pp. 135-136 (Wiley, 1984) #83) . 05«. V>f ?oUVXTW 3 <0§eSlfI£liH|ft-& 

[ 0 0 2 3 ] n =C/G ( 2 ) fc»<Ofi^Br»0^£m^*l^U 5fe-f@4 

AT=2Q/{ (G* +a>* C') 1 ") (3) ( a ) fc^i K3§*f£tf)V>f VX<0Hiu£i 
fflU ( 3 ) jS+03Vr?*VXGli»:<DJ: ffiBICIJ^L^WS (»3 0 0 um) O^x^cd^ 

3^?^yx«SrC*S, U3VSS21i&fflSL. ^'Jn>-^R21<0±M (m 
G=Gi +G» +G 3 (4) 10 lfln) 2 2<D£jBifc)SJ&X*&1-£oiZ. 7*b\si?Xb 

(3) AlOftfr&JtdlZ, g3^2fc#fi[^a?t0 25A$-»1. 2/zmtf>J?;*mfcU 0^O7X^i 

fcA^T#S&x;M^-Qi:, S3tfflJ2*^ajTVK fiffll/t^U 3>»K2 l±fcl5BlE2r»<01^XHf 

&x*;wf-c*ws-rss53 vr? * >x c&v&m 2 5 jWHifc-jgi: y ^--c 2 a^ts^s n^irc 

2f5&#fiCfcfc«k-?t\ £ftSS2<Z>ffl£^fcSAT# SSfiSJdfc. S30lt^«Sr1t3. x'Jny 

SHtTS. &$iCI±58^2<Ottgfc:Jt0» S1S2 1<DTM <8&2Ifi!) 2 3fc:fcL **>TTB£ft*r 

U f&ivmvxGi B^I4A, 4B<0BrH® SfctoomfcTSfliK (S i 3 N 4 Jg) ¥4>W6i7 

9>XGi , G 3 »iS3t»2^ffi«(CJt0W-«.. t£r> [002 7] I^'X HJ12 5£-?X? i: L/C. ^ 

t . *^«sss^3&s-«^H8Wffi±Ta. 2 *tt<w y ^y^are^ y 3 2 1 *x ^ f-y ^-r 

fc^fW4A, 4BtP>Jg«J?»1Sa5& J ffilHfc:^:-5TV^ 20 S. «frttOX yf-v^«Et 7>yfly|C^ (H 

sr^or. %%&20>*%%\z.\±%bt>-?. mt&smt f) jgiBtftWHK (HN03 ) om&ffifim^tiz. 

MATtffttiti&ZkWttl)^. m*>. *<»tm&cr>&m U=JXhM2 5h^)^>mS.2 1 kffMm£Zffxr.v 

(KMzMPtb . 2 1 ^HtS4 ( b ) liZjjtt* 0 fc, 

[0 0 24]2fc, g3KS52«0&K (mgyi^)£<tS £00952 1 a#»j£3*l.&. (HF) JgJSR 

/7Jrt-*^x4/p^-) TJtttimmizx ->x wbk (HNO3 ) offljfcttfci o-c. 17 -fv^aEw 

*Jlti-&m-18i$:\'>Xlzi',Xl&%LX&%£t2 [0028]<5ct:. ^'Jn>SS2 \rt%2W2 3<9X 
£«/JvC§il»f. ( 3 ) ^(f»«Altt4^x*;P^-<0 30 -yf-^figK24^»*L)ta, 04 ( c ) fcjjcTJ: 
^V-Q*t^-T. fl-3g3fcSB2<^giC#/jN3 at:, com2®2 3fc^8-C*-rs i O2 182 6A£ 
o-CiS^fcfiAT36J^<^53ttf>t:gSASJiarr *LT. *<DSiC>2 fi26A±fc7*M^ 

5. i<X^Hffi*»^. miS-th-?A?xi\s>X3<L<Z. fXhZmifiLyxbVVrjyiX&lzX-oX. *<D 

i.hft9\m(rmdtx#y bifi&%&2±£&&s£tix m2W2 3<msmst<r>wx ym2 am-ffiu-jx h 

hs#!st\ &m2*m'>-?ti&?zn!&&ii s ±ij<& zmt-rt. -e-lt, ui;xbm2s$:-?x9tLx. 

bUo%limZibZtlZ>. SktzmmLteXlliZ SiOi M2 6A$-7-y-ft**(HF) OtttX.v*> 

mwmtiz: *) , i^m^^x^fy t^KSHflWft ^jsarcx-^^tT. ^a<^s 10^12 6^ 

AggjaTfcii-es&i*. Sot, JSKS-Sto*** s-r. -ecoa. ^v^ymsL2i<mim2 2ngfct,s 

t:. 7^SlK1-filOX^;^-«ib6«^t5:VvJJt®-e i O2 K2 7S-«KU. ^2®2 3fflOl^yXh«2 8 
53^52 Sr«/h-T5 t,<0i:i-& fc. S3K«2(?5S/h<^ 40 ZMmtt. 

*&±Zff)mAX~/bff)&>b<?KkZ2T$>&. [0029] <JCC. H5 ( a)fc^idfc:. y'Jny 

[00 2 5] ^iT. *0«T«±V>f^oU>X3a{C«t WS.2 10»2ffi2 3»CS3il)tS i 0 2 &26£v 

SSatX^yhcO^^J^^W^SAgef: X^fcLT^ttX-y-^y^ 0|iJf TMAH (fh 

U S»2<0g«l 3<0<@D^^a^ASSf: L ?>f-^ry*=«>Ay\>f Kn**-^ H) «-fflv^T. 

tv^. c:ntcj:->r, %%M2ffmg.mmwckk% isV3>m&2i$m%.ff>mhtTx.>s*>rLxw 

*). ^mffmrnrnm^ jf-^-ty^nm^tii. =3r &2 1 bj-jgsws. >r^ai§h«. ai^s3ea52«o 

fe. *WTJiS3Kffil amWIiUif. aa<0 ®eMfc«r#i.fe:»|6rrS'7'f ?aUvX3 a<?5Tffli:« 

<t^*c;S3KiSi30»«lic:^tcffi^$^v\ Slgfc^StcDT. x-y^-v^fajeim-^ifctrJ: 

[0 0 2 6] ifcfc, imnrv4?u\,yXTVA 3RV *) Z(VfmmWfftetzim^%X'$ h . *«SH3h 
%m2mffm&M&>--iH£'?mmzmmt&. * 50 «v^^oP^X3a*«S3KS2fe:ffittt=5r^J:5fc:1- 
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SfctfK 4«6:<k t 1 QumVlkTSiZZtim*. L 
\>\ SofcSiOi K26. 2 7£««ttS. a 
±»IgtcJ:0. 05 (b) terrtidlz. >>V3>& 
«2 1 £Sf5f£K7 k LX. PiSi2 1 ajPt*l<?n.74 

-Y ? o U yXTV 4 3 tfgjtTS h . 
[0 0 3 03 iJcfer, 03*#BgL-Cg3Ka52«SJt^ 

iOZfeftSHA, 4B<OJS88££*. ilfett1MlRJI12 

k&£^§iiu&o±fc«eiaig£ji8£u c:o»e«is«± 
t&o&KJ: ^mmmm 1 2 *o 

y^y^n^xrmioijmth. znmtz. x- y 

f-y^B^w&fc^fcioTi&SSSy^l 1 k LXM 
Ztihi/V^ynmZffl&t&Zb&X*. ziitz* 
r>x%%£i2tfmmx'Z&. it:. ^;3>sgi±» 
m^mw\m\m^mmwmTc>mm}mizi ->x 

[0031] *<o&. m&vmzi. Dms*ut-?>r 
^h^txE^L. mmmis&xmi 0 owzm&t 

3t->Va>mS.l ktfHMfcSflfc 

[0032] *e«rcaHit*rj:3t. 
nwyX3a£0fl^iWWt:aj-Cv^*«. OSPtfrtM 
(S3KS2 ) HfcttJS J: 3 1: LT t J: < . W ^ 
al^yX3ai:LTIlflUyXSrffifflLTt)J:V\ i 

fc. uruwsxktx. mimmt^yu^u 
yx&m\>ixi>£\,\ zoyufrVruyxzm^tigB 

mtz^xm9*miLxmwt&. ^^ou 

yX«*HO»j£tt0 1 co^(^8kEiircJ>i>fc#>. 

[0033] 09 (b) Ji. #3gBH<0!f!^#$1«-<M 
-v*y^<O--a!c^fc*;Tffi0Ti) 1 ), £<O09 (b) 
{^K-fi 3 Hi- 'J 3 1 SEtttr^U^H^y 
X3 1 a^-gey-fTffiaiLT^^^^OlxyXr 
W3 l#i&B3ftO>&. 09 (a) «09 (b) <7) 
BB$gfc^&^ffiB»>-$£*U CKD09 (a) 
fe^fJ: 3fc. #7U*;H'VX3 1 aH3S$*K7<o 

yx3 1 alztt&Lxtiiztii'yaymLi Jifc^a* 

»4A. 4B^LTS<J:dfcS3Ka!2*«a5^ 
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®^2W+'W±«»*tJ5t-*7U*/H^VX3 1 a<0 
*i«£«l*LTH*. St. ^S«7<7)g5Ka{2«t 
»iD0a!7a*W«3il, §3fc882142l§9?H)-LT7l-' 
*;l^VX31afc*t|fi]LTV>&. *0>fe<7)1?Sl£«0 1 

[0 0 34] ^3m<Oy]y^-)UUyX3 1 at. 01 
£0V>f ? D UVX3 a k mmiZi'V 3 Lfc 
»S»7* >• y V^77 -fStfitcJ: OJ&fcfr&rkAST 
fflU 7l'*/H'>'X3 1 aW^Wi. ^rtt 

io *v*y?m^j:ttmx'i>®&i£mx%&. =3rfc. 

-7-f^oUVXTW-f 3. 31cO«ffkLT«. v-Un 
y ( S i ) feWt. it^fr&lr?»&y>l'7:i9A 

(Ge) xwyrJTmzmiixLxw mitz. 

A ?uVyXT\,43*W£X'%h. -f-WJ®^. y^v 
-^^*ttx. y ^->^}8tkL-Cti, Wi.K7-/4bk 
* (HF) SlffatmKflyk^ (H: Ot)<ri®&mz®. 

mtLXii. mt\i 7 <yfl^k^ (HF) . ilK (HNO 
20 3 ). KP1HI (CH 3 COOH) Wfi^Srffiffli-S 

[0 03 5]-J. 7-f?n^XT^3, 3 1«9# 

mtLxv-yTJTimtf-z&ku. tamas* 
x«y^vrtj: , )iiia:f&. zemwyTiTomi 

VtYv^f^ yi-ym. m*f7^a*;kA (CHF 
3 ) 3 2 c mVainute. E37yfk^ (CF4 ) 16c 
m 3 /»imite, Rtf^y^A (He) 98cm*/umite£) 
S^M*^EEft0. 5 1 o r r k Lfc^ffT. &r>A * 
30 y^>7-^200W (400kHz) fc Lfc-SHTCfT? 

flW VXK<0V>f ^ a l^yX3 a iimthRb 0 fc. 
S^ttx^f-v^tJro^g (a) fcijrrisiJft&Ttf 

^7U*/H^yX3 1 a*Jg*tflif i^. 
[0036]#i5. V>(^al/yXrw>f 3, 31tcR 

S^fflSS^t^Sik^-Ct*. iJcfc. 
2<?DllttWJgSlt:^>V^T06S:#BaLTilHBTS. #H 

l<?5H»^fflkHairA&3tft. H6fc*$lfVCBlfc 

H$t&mMifi-vft$ttixi<?)mmmwt: i im 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is used for image pck-up elements, such 
as an infrared camera used for remote sensing, an astronomic observation, etc., concerning thermal-type 
infrared image sensors, and is suitable. 
[0002] 

[Description of the Prior Art] Since an infrared camera can be observed without illuminating if it is a 
body near ordinary temperature, it is conventionally used in many fields, such as remote sensing, 
defense, or defense. Moreover, since an initared camera can regard the radiation distribution of infrared 
radiation as a picture, it is also gaining fields, such as an astronomic observation, in the importance. 
Furthermore, since the information as a thermal imagery is also acquired, the applicable field has also 
expanded increasingly the line monitor in the manufacturing process of a medical field or works. 
[0003] As for the infrared camera, low-pricing is also demanded with high sensitivity-ization, and 
development of thermal-type infrared image sensors is progressing as an image pck-up element for 
infrared cameras in recent years. Since thermal-type infrared image sensors using the thermal-type 
infrared sensor as each pixel do not need a very low temperature cooler style compared with the image 
pck-up element which used the conventional quantum type infrared sensor, the price of them can fall. 
Then, using the thermal-type infrared image sensors, it is cheap and the infrared camera of high 
sensitivity is being developed. 

[0004] These thermal-type infrared image sensors arrange many signal transfer circuits for taking out 
outside the pixel which consists of the light-receiving section (thermal-type infrared sensor) which 
receives infrared radiation and transforms the heat energy into an electrical signal, and the electrical 
signal from this pixel two-dimensional, and are formed. Furthermore, recently, in order to raise 
sensitivity, the micro-lens array which array-ized the micro lens for condensing infrared radiation is 
installed on those light-receiving sections, and the method (for example, refer to JP,7-147433,A) of 
raising the condensing efficiency of infrared radiation is proposed by condensing infrared radiation to 
each light-receiving section. 
[0005] 

[Problem(s) to be Solved by the Invention] In the conventional thermal-type infrared image sensors, 
improvement in the sensitivity by condensing is expectable by having a micro-lens array as mentioned 
above. However, surrounding wiring etc. is set up as greatly as possible and the configuration of the 
light-receiving section of the conventional infrared radiation had changed into the state where infrared 
radiation is condensed by a part of the light-receiving section. That is, especially the configuration of the 
light-receiving section having un-arranged [ that the effect which raises the sensitivity which is the value 
of the ratio of the variation of an electrical signal to the heat energy of the infrared radiation which 
carries out incidence is not enough even if the heat capacity of the light-receiving section is large and is 
using the micro-lens array, since it was not taken into consideration ]. 

[0006] this invention uses a micro-lens array in view of this point, and it aims at offering the thermal - 
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i. 

type infrared image sensors from which high sensitivity is obtained 
[0007] 

[Means for Solving the Problem] Two or more light-receiving sections which the thermal-type infrared 
image sensors by this invention are arranged on a semiconductor substrate (1), absorb infrared radiation 
respectively, and are changed into an electrical signal (2), In the thermal-type infrared image sensors 
which have been arranged corresponding to each of the light-receiving section of these plurality, and 
were equipped with the micro-lens array (3) which consists of two or more condensing elements' (3a) 
which condense the infrared radiation which carries out incidence on the corresponding light-receiving 
section The center of the light-receiving section (2) of these plurality is arranged on the focus of the 
condensing element (3a) which corresponds substantially, respectively, and the size of the light- 
receiving section (2) of these plurality is substantially set as the same size with the condensing spot of 
the infrared radiation by the condensing corresponding element (3a), respectively. 
[0008] According to this this invention, the size of the light-receiving section (2) is made small to the 
size about [ of the infrared radiation condensed by the condensing corresponding element (3a) ] a 
condensing spot. Therefore, while being able to make small the heat capacity of the light-receiving 
section (2), since the condensed infrared radiation can absorb all mostly, the rate of the temperature rise 
of the light-receiving section (2) to the energy of the infrared radiation which carries out incidence 
becomes high, and its sensitivity improves sharply. 

[0009] In this case, it is desirable to make it the average wavelength grade of the infrared radiation 
which separates and arranges space (9) to the light-receiving section (2) which corresponds two or more 
condensing elements (3a) of a micro-lens array (3), respectively, and carries out incidence nf the width 
of face of the light-receiving section (2) of these plurality substantially. Thus, by separating and 
arranging a micro-lens array (3) and the light-receiving section (2), the heat energy which escapes from 
the light-receiving section (3) decreases, and sensitivity increases further. Furthermore, from diffraction 
theory, when the radius of each condensing element (3a) of a micro-lens array (3) is set to a and f and 
average wavelength of the infrared radiation which carries out incidence are set to lambda for a focal 
distance, the radius R of the condensing spot of the infrared radiation condensed by each condensing 
element (3a) is mostly expressed with the following formula. 
[0010] R**0.61 and f-lambda/a (1) 

Moreover, since the minimum value of the value of 0.61 .f/a in the usual optical lens is about about 0.5, 
the lower limit of diameter 2 and R of the condensing spot is an average wavelength lambda grade 
mostly theoretically. Therefore, it means that making width of face of the light-receiving section (2) into 
an average wavelength lambda grade makes small the size of the condensing spot by the condensing 
element (3a) to an almost theoretical limitation, and sensitivity becomes high sharply by this. 
[001 1] Furthermore, it is desirable to maintain the space between two or more light-receiving sections 
(2) and a micro-lens array (3) at a vacuum. The vacuum in this case should just be about about 1x10 to 3 
or less torrs. By this, the adiathermancy of the light-receiving section (2) increases and the sensitivity in 
those light-receiving sections improves further. Moreover, two or more light-receiving sections (2) are 
circular respectively, or it is desirable that they are right n square shapes (n is four or more integers). 
When a condensing element (3a) is used, the configuration of the condensing spot of infrared radiation 
becomes a round shape. Therefore, the size of the light-receiving section (2) can be close brought with 
the size of a condensing spot by making the light-receiving section (2) circular. Moreover, that it is also 
convenient has the direction where a circular twist also makes the configuration of the light-receiving 
section (2) right, such as square and right 8 square shapes, n square shapes by the manufacture method 
etc. 

[0012] Moreover, it is desirable to support two or more light-receiving sections (2) so that it may float 
through two or more legs (4 A, 4B) to a semiconductor substrate (1), respectively, and to form the leg of 
these plurality from material (titanium Ti etc.) with the cross section for it to be low and small and 
respectively long thermal conductivity. By supporting so that those light-receiving sections may be 
floated, the heat energy which escapes to those light-receiving section shell exteriors decreases. 
Moreover, in order that the heat energy which escapes outside through the leg (4A, 4B) may also 
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decrease, the sensitivity in the light-receiving section (2) improves further. 

[0013] Moreover, the heat-absorptive section which two or more light-receiving sections (2) absorb as 
an example the infrared radiation which carries out incidence, respectively, and is changed into heat 
energy (12), It has the thermoelectrical transducer (1 1) which transforms into an electrical signal the 
heat energy absorbed by this heat-absorptive section. While the size of the heat-absorptive section (12) 
is substantially set as the same size with the condensing spot of the infrared radiation by the condensing 
corresponding element (3a), respectively, the size of a thermoelectrical transducer (11) turns into a size 
below the corresponding heat-absorptive section (12). Since the size of a thermoelectrical transducer can 
be made smaller than the condensing spot of infrared radiation while also being able to use the material 
which penetrates infrared radiation as a thermoelectrical transducer (1 1) by this, the further 
improvement in sensitivity is expectable. 

[0014] Moreover, an example of a micro-lens array (3) consists of silicon (Si), germanium (germanium) 
and at least one material chosen from the infrared transparency material group which consists of 
sapphire (aluminum 203). Thereby, a micro-lens array (3) can be easily manufactured using the usual 
photolithography technology. Moreover, the above material has the intensity and the degree of dense 
population which can hold the space between a micro-lens array (3) and the light-receiving section (2) 
which counters to a vacua. 
[0015] 

[Embodiments of the Invention] Hereafter, with reference to drawing 1 - drawing 5 , and drawing 10 it 
explains per gestalt of operation of the 1st of the thermal-type infrared image sensors by this invention. 
As drawing 1 (b) shows some plans of the thermal-type infrared image sensors of this examnle ™H 
shows them to this drawing 1 (b), the thermal-type infrared image sensors of this example fix the micro- 
lens array 3 which arranges much circular micro-lens 3a two-dimensional at constant pitch in all 
directions, and becomes on the silicon (Si) substrate 1 , and are formed. As drawing 1 (a) shows a part of 
expanded sectional view which meets AA line of drawing 1 (b) and shows it to this drawing 1 (a), the 
micro-lens array 3 forms much micro-lens 3a in the support substrate 7 which consists of a silicon 
substrate in one, and crevice 7a of depth h is formed in the base of the support substrate 7. Micro-lens 3a 
of this example is the plano-convex lens of the shape of a semi-sphere side which turned the convex in 
the direction of incidence of infrared radiation 5. 

[0016] Moreover, in the front face of a silicon substrate 1, the light-receiving section 2 of a large number 
which receive infrared radiation at constant pitch in all directions is arranged corresponding to each of 
much micro-lens 3a. The light-receiving section 2 is supported in the state where it floated in the center 
of the crevice 10 formed in the front face of a silicon substrate 1, respectively through support saddles 
4A and 4B from right and left, and the sig nal transfer circuit^ which transmits the electrical signal of 
the light-receiving section corresponding to the silicon-substrate 1 top between those light-receiving 
sections 2 is formed. That is, many pixels which consist of micro-lens 3a and the light-receiving section 
2, respectively are arranged two-dimensional, and it is constituted so that the electrical signal from those 
pixels may be serially outputted to an external signal-processing system through the signal transfer 
circuit 6. 

[0017] Drawing 2 is a perspective diagram for explaining the relation of the condensing spot and the 
light-receiving section 2 by micro-lens 3a of this example in more detail, as shown in this drawing 2 , 
the light-receiving side 13 which is a front face of the light-receiving section 2 is the square of width of 
face D of one side, and the center of the light-receiving side 13 is arranged mostly in the focal position 
of micro-lens 3a. And it becomes the parallel flux of light mostly, and the infrared radiation 5 which 
carries out incidence is condensed by the condensing circular spot 14 of the radius R on the light- 
receiving side 13 by micro-lens 3a. The light-receiving side 13 of the light-receiving section 2 of this 
example is set up so that the condensing spot 14 may become the smallest in the all settled range. That 
is, width of face D of one side of the light-receiving side 1 3 of the square of this example is set up so 
that it may become almost equal to diameter 2 and R of the condensing spot 14. 

[0018] In this case, when f and average wavelength of the infrared radiation which carries out incidence 
are set [ the radius of micro-lens 3a ] to lambda for the focal distance of a and micro-lens 3a, diameter 2 
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and R of the condensing spot 14 of the infrared radiation condensed by micro-lens 3a are 1 ,2 and f- 
lambda/a more nearly mostly than diffraction theory. Moreover, in an optical lens, the minimum value 
of the value of 1.2.f/a is about one, and sets the value about to about one also by this example. 
Consequently, the width of face D of diameter 2andR of the condensing spot 14, as a result the light- 
receiving side 13 serves as an average wavelength lambda grade mostly. When the body near ordinary 
temperature (about [ namely, ] 300K) is made applicable to detection by this examplerTHTinfrared " 
radiation emitted from the body whose temperature is about 300K has the peak of energy in the 
wavelength near 10 micrometer. Then, since the average wavelength lambda of the infrared radiation 
from such a body is set to about 10 micrometers, the width of face D of the light-receiving side 13 of the 
light-receiving section 2 is about 10 micrometers. 

[0019] Next, drawing 3 is the expanded sectional view showing the light-receiving section 2 and this 
supporting structure, and as shown in this drawing 3 , the light-receiving section 2 has the infrared- 
absorption layer 12 which absorbs infrared radiation, and the thermoelectric element 1 1 prepared so that 
the infrared-absorption layer 12 might be touched, and has structure which puts the support saddles 4 A 
and 4B on either side by the infrared-absorption layer 12 and the thermoelectric element 1 1 . The 
thermoelectric element 1 1 of this example is formed from silicon (Si), the infrared-absorption layer 12 is 
the thin film of the gold (Au) currently called so-called ****, and support saddles 4 A and 4B are formed 
from titanium (Ti). Moreover, the insulator layer (un-illustrating) which consists of a silicon nitride or a 
silicon oxide is formed between a thermoelectric element 1 1 and support saddles 4A and 4B, and the 
infrared-absorption layer 12. 

[0020] In this case, the infrared radiation which carries out incidence is changed into heat energy in the 
infrared-absorption layer 12, and a thermoelectric element 1 1 is heated with this heat energy. Although 
the silicon as a thermoelectric element 1 1 makes infrared radiation penetrate, since infrared radiation is 
absorbed in the infrared-absorption layer 12, by this example, the infrared radiation which carries out 
incidence is changed into heat energy without futility. And the bias current is energized to the 
thermoelectric element 1 1 through support saddles 4A and 4B, and the thermoelectric element 1 1 which 
consists of silicon detects the infrared dosage which carries out incidence to the temperature, as a result 
the light-receiving section 2 of a thermoelectric element 1 1 from the current value which flows to a 
thermoelectric element 1 1 with temperature using an electric resistance value changing. That is, the 
current value w hich flo wsjhe thgrmoelectric L element 11 ofeach JightdD^i^ the 
extern^digkal als^ siRn^tmns^circuit 6, and the^ergy_d^ 

infrared radiation wEcE cameso^ 

[0021] Since the heat energy which is supported so that it may float on the crevice 10 on a silicon 
substrate 1 by support saddles 4A and 4B, and escapes from the light-receiving section 2 through a 
surrounding gas, and the heat energy of the light-receiving section 2 lost by radiation are slight at this 
time, the heat energy which escapes from the light-receiving section 2 is mainly transmitted to a silicon 
substrate 1 through support saddles 4A and 4B. Corresponding to this, the support saddles 4A and 4B of 
this example are formed from a conductor with low thermal conductivity, and it becomes slight [ the 
heat energy conducted to a silicon substrate 1 through support saddles 4A and 4B ], since the cross 
section is a small long configuration, and, as for the heat energy of the infrared radiation which carries 
out incidence, most is used for the temperature rise of a thermoelectric element 1 1 . 
[0022] Moreover, the light-receiving side of the light-receiving section 2 of the thermal-type infrared 
image sensors of this example is set as the size about [ of the infrared radiation condensed by 
corresponding micro-lens 3a ] a condensing spot as mentioned above. The sensitivity of the light- 
receiving section 2 at the time of doing in this way is explained with reference to drawmg 10 . Drawing 
10 is absorption of the energy in the one light-receiving section 2 of the thermal -type infrared image 
sensors of drawing 1 , and explanatory drawing of discharge, and is set to this drawing 10 . Power [ of 
the heat energy in which the infrared radiation of P (W/cm2) will carry out incidence to the light- 
receiving section 2 using the predetermined transform coefficient k (0< k<l) to it on the light-receiving 
side of the light-receiving section 2 if the power per unit area shall carry out incidence to the irradiation 
field of area A (cm2) ] Q (W) is expressed with k-A-P. Moreover, a part of the generated heat energy is 
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lost by heat conduction through the support saddles 4A and 4B connected to the light-receiving section 
2, and the remaining parts are lost by thermal radiation through a surrounding gas. In drawing 10 the 
thermal conductance from the light-receiving section 2 to support saddles 4A and 4B Gl (W/K), The 
thermal conductance according the thermal conductance from the light-receiving section 2 to a ' 
circumference gas to the radiation from G2 (W/K) and the light-receiving section 2 is made into G3 
(W/K). Supposing C (J/K) and the infrared radiation Q which carries out incidence are changing with 
angular frequency omega (l-/s), the heat capacity of the light-receiving section 2 Amount of temperature 
changes delta[ of the thermal-time-constant tauT (s) and the light-receiving section 2 of the temperature 
change of the light-receiving section 2 ] T (K) For example, it asks by the following formula (E. 
L.Dereniak and D.G.Growe:"Optical Radiation Detectors", pp.135 -136 (Wiley 1984) reference) 
[0023] tauT =C/G (2) ; ' 
deltaT=2.Q/{(G2+omega 2C2 )one half} (3) 

However, the conductance G in (3) formulas is the sum of each thermal conductance as follows 
G=G1 +G2 +G3 (4) 

(3) As shown in a formula, amount of temperature changes deltaT of the light-receiving section 2 
changes with the heat capacities C of heat energy Q which goes into the light-receiving section 2 per 
unit time, thermal-conductance G corresponding to the heat energy left from the light-receiving section 
2, and the light-receiving section 2. In this case, heat capacity C is proportional to the volume of the 
light-receiving section 2, and is a thermal conductance Gl. In proportion to the cross section of support 
saddles 4A and 4B, it is in inverse proportion to the length. And a thermal conductance G2 and G3 It is 
proportional to the surface area of the light-receiving section 2. Therefore, on the irradiation side where 
the illumination distribution of infrared radiation is uniform, if the configuration and structure of the 
light-receiving section 2 and support saddles 4 A and 4B are similar, it turns out that it is not involved in 
the size of the light-receiving section 2, but the same amount of temperature changes deltaT is obtained. 
That is, amount of temperature changes deltaT in that case is dependent only on the density 
(illuminance) of the irradiation energy of infrared radiation. 

[0024] Moreover, the sensitivity (variation / heat energy which carries out incidence of an electrical 
signal) of the light-receiving section 2 becomes higher, as amount of temperature changes deltaT 
generated by the infrared radiation which carries out incidence is large. Therefore, if the infrared 
radiation which carries out incidence is condensed with a lens, maintaining a similar relation to the first 
state and the light-receiving section 2 can be reduced, the power Q of the heat energy in (3) formulas 
which carries out incidence is the same, and since the heat capacity C of the light-receiving section 2 
becomes small and amount of temperature changes deltaT becomes large, sensitivity will increase. The 
more the condensing spot of the infrared radiation by corresponding micro-lens 3a reduces the light- 
receiving section 2 in the state where all are contained on the light-receiving section 2, the more the idea 
that sensitivity goes up is drawn from these relations. On the other hand, as already explained from 
diffraction theory, the diameter of the condensing spot of infrared radiation is not made to below an 
average wavelength lambda grade. Therefore, in order to raise sensitivity, when the light-receiving 
section 2 shall be reduced in the state where the energy loss of the infrared radiation which carries out 
incidence does not arise, the minimum size of the light-receiving section 2 is the minimum size of the 
condensing spot. 

[0025] Then, in this example, the size of the condensing spot by micro-lens 3a is made into the average 
wavelength lambda grade of infrared radiation, and width of face D of the light-receiving side 13 of the 
light-receiving section 2 is made into the average wavelength lambda grade. The sensitivity of the light- 
receiving section 2 serves as the maximum mostly, and the thermal-type infrared image sensors of high 
sensitivity are obtained by this. In addition, although the light-receiving side 13 was formed in the 
square in this example, the configuration of the light-receiving side 13 is not limited to this like the 
after-mentioned. 

[0026] Next, it explains briefly per example of the micro-lens array 3 of this example, and the 
manufacture method of light-receiving section 2 grade. In this example, the silicon substrate which 
penetrates infrared radiation as a support substrate 7 of the micro-lens array 3 is used, and the micro lens 
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of a large number arranged two-dimensional with the application of a usual photolithography process 
and a usual etching process is manufactured. As drawing 4 and drawing 5 show a part of expanded 
sectional view for explaining the manufacturing process of the micro-lens array 3, respectively and show 
it first to drawing 4 (a) As the silicon substrate 21 of the shape of a wafer of thickness (about 300 
micrometers) almost equal to the focal distance of the micro lens for manufacture is prepared and a 
dotted line shows all over the upper surface (the 1st page) 22 of a silicon substrate 21 Photoresist 25 A is 
applied by the thickness of about 1.2 micrometers, and exposure and development are performed so that 
it may be left behind, where the square resist layer 25 is mostly arranged two-dimensional at constant 
pitch in all directions on a silicon substrate 21 using a predetermined mask. Moreover, the etching 
protective coat 24 which consists of a nitride (Si3 N4 film) etc. in order to protect the inferior surface of 
tongue is formed in the inferior surface of tongue (the 2nd page) 23 of a silicon substrate 21. 
[0027] Next, a silicon substrate 21 is ********** ed by the isotropic etching reagent by using the resist 
layer 25 as a mask. As an isotropic etching reagent, a hydrogen fluoride (HF) solution and the mixed 
liquor of a nitric acid (HN03) are used. Since this etching reagent sinks into the interface of the resist 
layer 25 and a silicon substrate 21, as shown in the front face of the silicon substrate 21 after etching at 
drawing. 4 (b), much semi-sphere side-like heights 21a is formed. Since the grades into which an etching 
reagent sinks differ, this composition ratio is adjusted and the configuration of the heights 21a can be 
controlled by the composition ratio of a hydrogen fluoride (HF) solution and a nitric acid (HN03). 
[0028] Next, after [ a silicon substrate 21 ] removing the 2nd page of the etching protective coat 24 of 
23, as it is shown in drawing 4 (c), it is the Si02 shown in 23 by the dotted line the 2nd page. Film 26 A 
is formed, and the Si02 a film 26A top - a photoresist - applying - a photolithography process the - 
the 2nd page of resists other than resist layer 28 for the periphery of 23 is removed And it is Si02, using 
the resist layer 28 as a mask. Film 26A is ****** **** e d with the etching solution containing hydrogen 
fluoride (HF), and it is Si02 of the circumference. It leaves only a film 26. Then, it is Si02 also to the 
1st page 22 side of a silicon substrate 21 . A film 27 is formed and the resist layer 28 by the side of 2nd 
page 23 is exfoliated. 

[0029] Next, Si02 left behind by the 2nd page 23 side of a silicon substrate 21 as shown in drawing 5 
(a) By using a film 26 as a mask, using anisotropic etching liquid (tetramethylammonium hydroxide), 
for example, TMAH, a silicon substrate 21 is ******* *** e d to predetermined depth h, and crevice 21b 
is formed. This depth h becomes the interval of the light-receiving side of the light-receiving section 2 of 
drawing 1 , and the inferior surface of tongue of micro-lens 3a which counters this, and can be correctly 
set as the value of a request of this interval by controlling etching time. In order to make it micro-lens 3a 
not contact the light-receiving section 2, as for the depth h, it is desirable that it is at least 10 
micrometers or more. Next, Si02 which remained Films 26 and 27 are exfoliated. As shown in drawing 
5 (b), heights 21a is set to micro-lens 3a by using a silicon substrate 21 as the support substrate 7 by the 
above process, respectively, and the micro-lens array 3 by which crevice 7a was formed in the base can 
be manufactured according to it. 

[0030] Next, with reference to drawing 3 , it explains per example of the manufacture method of the 
light-receiving section 2. Since the material of the thermoelectric element 1 1 of this example is the same 
silicon as a silicon substrate 1 , it prepares the silicon substrate which does not have a crevice 10 first, 
forms the support saddles 4 A and 4B which consist of a thin film of titanium on this silicon substrate, 
forms an insulator layer on the field which should serve as the infrared-absorption layer 12 including the 
edge of these support saddles 4A and 4B, and forms the infrared-absorption layer 12 which consists of a 
golden thin film on this insulator layer. Then, the silicon substrate of the portion around the infrared- 
absorption layer 12 is etched, and a crevice 10 is formed. In this case, the thickness of the silicon left 
behind as a thermoelectric element 1 1 can be controlled by control of etching time etc., and the light- 
receiving section 2 can be manufactured by this. Moreover, the signal transfer circuit 6 on a silicon 
substrate 1 can be manufactured by the manufacture method of the usual semiconductor device. 
[0031] Then, alignment of the micro-lens array 3 formed by the above method is carried out on the 
silicon substrate 1 in which the light-receiving section 2 and the signal transfer circuit 6 were formed as 
shown in drawing,! , it is stuck by pressure, and both are made to rival by heating at several 100 degrees 
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C in an oxidizing atmosphere. By this, the thermal-type infrared image sensors with which the micro- 
lens array 3 and the silicon substrate 1 were united are completed. 

[0032] In addition, although the heights of micro-lens 3a have come out outside in this example as 
shown in drawing 1 , you may make it heights appear in an inside (light-receiving section 2) side, and 
they may use a biconvex lens as micro-lens 3a further. Moreover, you may use the Fresnel lens using 
diffraction as a micro lens. The modification using this Fresnel lens is explained with reference to 
drawing 9 . In addition, since the composition of those other than a micro lens is the same as that of the 
gestalt of operation of drawing 1 , it gives the same sign to the portion corresponding to drawing 1 in 
drawin gs , and omits the detailed explanation. 

[0033] Drawing 9 (b) is some expansion plans of the thermal-type infrared image sensors of this 
modification, and as shown in this drawing 9 (b), the micro-lens array 31 which arranges Fresnel lens 
3 la at constant pitch in all directions, and becomes is installed on the silicon substrate 1 . As drawing 9 
(a) shows a part of expanded sectional view which meets BB line of drawing_9 (b) and shows it to this 
drawing 9 (a), each Fresnel lens 31a is constituted by forming two or more ****-like slots in the front 
face of the support substrate 7 in the shape of a concentric circle, respectively, and the interval of two or 
more of the slots is so large that it goes to a center. Moreover, the light-receiving section 2 is arranged sc 
that each Fresnel lens 3 la may be countered and it may float [ in this modification, ] through support 
saddles 4 A and 4B on a silicon substrate 1, respectively, and the center of the light-receiving section 2 is 
located in the focus of Fresnel lens 31a which corresponds mostly. Moreover, crevice 7a was formed in 
the light-receiving section 2 side of the support substrate 7, and the light-receiving section 2 has 
countered Fresnel lens 31a through space 9. Other composition is the same as that of the gestalt of 
operation of drawing 1 . 

[0034] Fresnel lens 3 la of this modification can also be formed with the usual photolithography 
technology which used the silicon substrate like micro-lens 3a of drawing 1 . However, in Fresnel lens 
31a, isotropic etching can also form a difficult material easily. In addition, as a material of the micro- 
lens arrays 3 and 31, you may use germanium (germanium) or sapphire etc. which can penetrate infrared 
radiation in addition to silicon (Si). For example, when germanium is used, the micro-lens array 3 can be 
manufactured at the same process as silicon. In this case, what is necessary is just to use a hydrogen 
fluoride (HF) solution and the mixed liquor of a hydrogen peroxide (H2 02) as anisotropic etching 
liquid of germanium, for example. Moreover, as isotropic etching liquid of germanium, the mixed liquor 
of hydrogen fluoride (HF), a nitric acid (HN03), and an acetic acid (CH3 COOH) can be used, for 
example. 

[0035] On the other hand, in the present condition, when using sapphire as a material of the micro-lens 
arrays 3 and 3 1, since a suitable etching reagent is not found, it is processed by reactive ion etching. 
Anisotropy dry etching of the sapphire in this case can be performed on the conditions which are 
conditions which set the mixture of gas of for example, refrigerant 23 (CHF3) 32cm3/minute, and 16cm 
(CF4) 3 of carbon tetrafluoride / minute, and (Helium helium) 98cm3/minute to pressure O.Storr, and set 
ion power to 200W (400kHz). However, the isotropic etching of sapphire should just form Fresnel lens 
31a of the shape of a diffraction grating shown in drawing 9 (a) by anisotropic etching in the present 
condition instead of forming micro-lens 3a of the shape of a convex lens shown in drawing 1 , since 
there is nothing of suitable conditions. 

[0036] In addition, you may form an antireflection film to the micro-lens arrays 3 and 31. The use 
efficiency of the infrared radiation which carries out incidence by this can be raised. Next, the gestalt of 
operation of the 2nd of this invention is explained with reference to drawing 6 . This example makes the 
configuration of the light-receiving section circular, since other composition is the same as that of the 
gestalt of operation of drawing 1 , gives the same sign to the portion corresponding to drawing 1 in 
drawing 6 , and omits the detailed explanation. 

[0037] Drawing 6 is the perspective diagram showing a part of outline composition of this example, in 
this drawing 6 , it is condensed by each circular micro-lens 3a of the micro-lens array 3, and the infrared 
radiation 5 which carries out incidence carries out incidence of each focal position to light-receiving side 
13of circular light-receiving section 2 A arranged as center A. In this case, circular light-receiving 
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section 2A is supported so that it may float in the crevice on a silicon substrate 1 through support 
saddles 4A and 4B, and the light-receiving side 13A is formed in the almost same size as the condensing 
circular spot of the infrared radiation 5 by micro-lens 3a. Moreover, light-receiving section 2A consists 
of an infrared-absorption layer, a thermoelectric element, etc. like the light-receiving section 2 of 
drawing 1 , the heat energy of the infrared radiation which carried out incidence to light-receiving side 
13A is transformed into an electrical signal (resistance change) by the thermoelectric element, and the 
electrical signal is read through support saddles 4A and 4B and the signal transfer circuit 6. 
[0038] In this case, in this example, light-receiving side 13of light-receiving section 2A A is made 
circular by the almost same size as the condensing spot of infrared radiation. Therefore, since the 
infrared dosage which the heat capacity C of light-receiving section 2 A becomes smaller compared with 
the gestalt of operation of drawing 1 , and carries out incidence to light-receiving section 2A is almost 
the same, from (3) formulas, amount of temperature changes deltaT of light-receiving section 2A 
becomes large, and its sensitivity improves. Moreover, it is thermal-time-constant tauT from (2) 
formulas. Since it becomes small, a speed of response becomes large. If one side compares circular 
light- receiving section 2 A of a radius R with the light-receiving section 2 of the square of 2R like 
drawing 6 like drawing J. ( drawing^ ) concretely, using the radius of a condensing spot as R, heat 
capacity C will become [ the direction of circular light-receiving section 2A ] small about 22%. 
Therefore, as for amount of temperature changes deltaT of the light-receiving section, the direction of 
circular light-receiving section 2A becomes large about 24% compared with the square light-receiving 
section 2. Moreover, thermal-time-constant tauT The direction of circular light-receiving section 2A 
becomes small about 22%. Thus, by making the light-receiving section circular, a speed of response can 
be made quick and sensitivity can be made high. 

[0039] In addition, when it is complicated to form circular light-receiving section 2A ; for example on a 
manufacturing process, you may form the light-receiving section which makes a profile right n square 
shapes (n is four or more integers) circumscribed to a condensing circular spot instead of circular light- 
receiving section 2A. Drawing 7 (a) shows light-receiving section 2B of right n square shapes which 
have the profile circumscribed to the condensing circular spot 14, and in this drawing 7 (a), when the 
condensing spot 14 is made into a radius R, it is as follows. [ of the area S of light-receiving section 2B 
of right n square shapes ] 
[0040] 

S=n-R2 and tan (180 degrees/(n)) (5) 

As shown in drawing. 2 , the square light-receiving section 2 is the case where Integer n is 4, and the area 
S of the square light-receiving section 2 is 4 and R2. It becomes. And the result which calculated value 
CS ** of the ratio of the area of right n square shapes to the area S of right n square shapes at the time of 
enlarging the value of Integer n gradually and a square area is shown in Table 1. 
[0041] 
[Table 1] 
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[0042] As shown in Table 1 5 in the case of right n square shapes, area S decreases, so that Integer n is 
large. That is, the configuration of light-receiving section 2B becomes small in the range containing the 
condensing spot 14, and heat capacity decreases gradually, so that Integer n becomes large. Therefore, 
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amount of temperature changes deltaT of the light-receiving section becomes large, and sensitivity 
becomes high, and a speed of response also improves. In addition, when using light-receiving section 2B 
of right n square shapes, although the integer n from a sensitivity side is so good that it is large, the 
light-receiving section 2 of the square of drawing 1 ( drawing 2 ) is sometimes advantageous from a 
viewpoint of the ease of manufacture. Furthermore, when the wiring to a silicon substrate 1 is taken into 
consideration, as shown in drawing,? (b), that it is also convenient has light-receiving section 2C of right 
8 square shapes. That is, as support saddles 4C and 4D show if needed, even if it can also pass the 
support saddle as a lead wire to a longitudinal direction to light-receiving section 2C of right 8 square 
shapes as support saddles 4A and 4B show, and it passes lengthwise, since it is the same, an electric 
property has the advantage which the flexibility of a design increases. 

[0043] Next, with reference to drawing 8 , it explains per gestalt of operation of the 3rd of this 
This example makes a vacua space 9 between the silicon substrate 1 of the thermal-type infrared image 
sensors of drawing. 1 , and the micro-lens array 3, and the other composition is the same as that of the 
gestalt of operation of drawing 1 . Below, an example of the method of making the space 9 a vacua is 
explained briefly. 

[0044] Drawing 8 shows the silicon substrate 1 and the micro-lens array 3 of thermal-type infrared 
image sensors of this example, and makes the field of the shape of a frame of the front face of the silicon 
substrate 1 corresponding to the adhesion side 44 the adhesion side 45 by making into the adhesion side 
44 the field of the shape of a frame which surrounds crevice 7a by the side of the base of the support 
substrate 7 which constitutes the micro-lens array 3 in this drawing 8 . And the respectively thin oxide 
film is formed in the adhesion sides 44 and 45, and a silicon substrate 1 and the micro-lens array 3 are 
put in in a vacuum furnace, where the adhesion sides 44 and 45 are stuck, it heats at several 100 degrees 
C, and the micro-lens array 3 and a silicon substrate 1 are stuck. In this case, since the thin oxide film is 
formed in the adhesion sides 44 and 45, firm attachment can be performed in vacuum atmosphere as 
well as the inside of an oxidizing atmosphere. Crevice 7a (space 9 of drawing 1 ) of the support substrate 
7 of the micro-lens array 3 is maintained by this at a vacua. The grade of the vacuum has 1x10 to 3 or 
less desirable torrs, in order to prevent heat conduction with a gas effectively. 
[0045] Since the surrounding space of each light-receiving section on a silicon substrate 1 (light- 
receiving section 2 of drawing. 1 ) is maintained at a vacuum according to this example, it is the thermal 
conductance G2 from the light-receiving section in the conductance G of (4) formulas to a 
circumference gas. It becomes small. Therefore, since conductance G becomes small as a whole, amount 
of temperature changes deltaT of the light-receiving section of (3) formulas becomes still larger,' and its 
sensitivity improves further. 

[0046] In addition, of course, composition various in the range which this invention is not limited to the 
gestalt of above-mentioned operation, and does not deviate from the summary of this invention can be 
taken. 
[0047] 

[Effect of the Invention] Since the condensing spot of the infrared radiation by each condensing element 
of a micro-lens array and the size of the corresponding light-receiving section are the same sizes 
substantially according to the thermal-type infrared image sensors of this invention, the size of the light- 
receiving section is mostly made into the minimum in the range which does not leak and can receive the 
infrared radiation which carries out incidence. Therefore, since the heat capacity of the light-receiving 
section becomes small and the amount of temperature changes in the light-receiving section becomes 
large, there is an advantage whose sensitivity of the light-receiving section improves sharply. 
[0048] Moreover, a micro-lens array demonstrates the effect of a protection lid to each light-receiving 
section, and can also perform processing of the dicing which can be set like the erector of the thermal- 
type infrared image sensors of this invention, without paying special attention. Therefore, while 
manufacture of the thermal-type infrared image sensors becomes easy, the yield also improves, and there 
is also an advantage that a manufacturing cost falls. 

[0049] Moreover, to the corresponding light-receiving section, two or more condensing elements of a 
micro-lens array separate space, respectively, and are arranged, and when the width of face of the light- 
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receiving section of these plurality is the average wavelength grade of the infrared radiation which 
carries out incidence substantially, in order that supporting [ by the thermal protection structure ]-mostly 
****** recess ************** may decrease, sensitivity of the light-receiving section improves more. 
Since the diameter of the minimum of the condensing spot of the infrared radiation according to each 
condensing element at this time is an average wavelength grade, it can raise the sensitivity of the light- 
receiving section by extracting the condensing spot of the infrared radiation to a theoretical limitation, 
and making width of face of the corresponding light-receiving section into an average wavelength grade. 

[0050] Moreover, when the space between the light-receiving sections and the micro-lens arrays of these 
plurality is maintained at the vacuum, the adiathermancy of those light-receiving sections increases and 
sensitivity improves further. Moreover, since the configuration of the light-receiving section can be most 
brought close to the configuration of the condensing spot when the light-receiving section of these 
plurality is circular respectively, and infrared radiation is extracted to a condensing circular spot, the 
sensitivity of the light-receiving section becomes the highest. Moreover, near sensitivity is obtained, 
when the light-receiving sections of these plurality are right n square shapes (n is four or more integers) 
and the light-receiving section is circular. Furthermore, the light-receiving section of right n square 
shapes may be easy to manufacture. 

[0051] Moreover, the light-receiving section of these plurality is supported so that it may float through 
two or more legs to a semiconductor substrate, respectively, and since the heat energy which escapes 
from those light-receiving sections to a semiconductor substrate decreases and adiathermancy increases 
when formed from material with the cross section it is low and small and respectively long thermal 
conductivity, the sensitivity of the leg of these plurality in the light-receiving section improves further. 
Thus, since it may be low, the intensity of the leg also has the advantage that the manufacture process of 
the supporting structure becomes easy, so that the light-receiving section is small, when the light- 
receiving section is further supported all over space as a suspension object through the leg. Furthermore, 
since the rate for a weak suspension soma can be mechanically made small, it is effective in the 
reliability of the whole thermal-type infrared image sensors increasing. 

[0052] Moreover, the heat-absorptive section which the light-receiving section of these plurality absorbs 
the infrared radiation which carries out incidence, respectively, and is changed into heat energy, While 
having the thermoelectrical transducer which transforms into an electrical signal the heat energy 
absorbed by this heat-absorptive section and setting the size of the heat-absorptive section as the same 
size substantially with the condensing spot of the infrared radiation by the condensing corresponding 
element, respectively Since the size of the thermoelectrical transducer can also use the material which 
penetrates infrared radiation as the thermoelectrical transducer when it is a size below the corresponding 
heat-absorptive section, it has the advantage which can use material with high sensitivity. Furthermore, 
it also becomes possible by making the thermoelectrical transducer small to raise sensitivity more. 



[Translation done.] 
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PROBLEM TO BE SOLVED: To provide a thermal f [| 1 ( ^ 5 »w» 

infrared image sensor, which can obtain a high 
sensitivity using a microlens array. 
SOLUTION; A multitude of microlenses 3a are arranged 
on a support substrate 7 in length and width at a 
constant pitch, whereby a microlens array 3 is formed 
and light-receiving parts 2 are respectively arranged at 
positions, where an infrared condensing spot is formed 
by each microlens 3a, on a silicon substrate 1. By 
conforming the size of the parts 2 to the size of the 
condensing spots which are formed by the microlenses 
3a, the thermal capacity of each light-receiving part 2 is 
lessened without decreasing the amount of heat energy 
which is incided in each part 2. Thereby, the amount of 
temperature change of the parts 2 is increased and the sensitivity of a thermal infrared image 
sensor is enhanced. 
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